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Objective: To assess the effect of head position and football
equipment (ie, helmet and shoulder pads) on cervical spinal
cord space in individuals lying supine on a spine board.

Design and Setting: The independent variables were head
position (0-cm, 2-cm, and 4-cm occiput elevation with no hel-
met and shoulder pads and with helmet and shoulder pads)
and cervical spine level (C3, C4, C5, C6, and C7). The 3 de-
pendent variables were sagittal space available for the cord
(SAC) (mm), sagittal spinal-cord diameter (mm), and cervical-
thoracic angle (8), determined via magnetic resonance imag-
ing.

Subjects: Twelve men (age 5 24.3 6 2.1 years; height 5
181.1 6 5.7 cm; weight 5 93.9 6 3.6 kg).

Measurements: Sagittal space available for the cord was de-
termined by subtracting the sagittal spinal-cord diameter from
the corresponding sagittal spinal-canal diameter. The spinal-ca-
nal diameter was measured as the shortest distance from the
vertebral body to the spinolaminar line at each of the spinal

levels. Each measurement was taken 3 times, and the 3 mea-
surements were averaged.

Results: Sagittal space available for the cord was significantly
greater (P , .01) for 0-cm (mean 5 5.50 mm) than for 2-cm
(mean 5 4.86 mm) and 4-cm (mean 5 5.07 mm) occiput ele-
vation. SAC was also significantly greater (P , .01) for the equip-
ment condition (mean 5 5.34 mm) than for the 2-cm and 4-cm
elevation levels. No significant difference (P 5 .093) in SAC ex-
isted between 0-cm elevation and the equipment condition.

Conclusions: The helmet and shoulder pads should be left
on during spine-board immobilization of the injured football
player. Similarly, during spine-board immobilization of an indi-
vidual without football helmet and shoulder pads, the head
should be maintained at 0 cm of occiput elevation. Sagittal spi-
nal-cord space is optimized in both of these conditions.

Key Words: cervical vertebrae injuries, emergency treatment
methods, emergency medical services, cervical vertebrae ra-
diography, protective device, equipment

Cervical spine neutral is reported to be the optimal po-
sition during spine-board immobilization in football1,2

and least likely to produce further injury during the
transportation of the cervical spine-injured athlete.3 De Lor-
enzo et al4 reported that 2 cm of occiput elevation off the spine
board is optimal (neutral) during immobilization because it af-
fords the spinal cord the most space within the spinal canal at
the C5 and C6 levels. This is clinically relevant because most
cervical spine injuries in football occur at the lower cervical spine
levels.5

Several authors6–9 have noted that wearing football equipment
(ie, helmet and shoulder pads) during spine-board immobilization
elevates the thorax such that the cervical spine is in the neutral
position. Swenson et al2 and Palumbo et al1 found no significant
differences in cervical spine alignment with and without football
equipment during immobilization. Both sets of authors conclud-
ed that an ‘‘all-or-none’’ principle be applied to the removal of
the helmet and shoulder pads.1, 2 However, their analyses were
limited to computed tomography scans and lateral radiographs

of the bony alignment of the cervical spine, respectively.
These studies were also limited to viewing only the bony anat-
omy and resultant angle of the cervical spine in varying de-
grees of flexion and extension. Neither study accounted for the
changes occurring to the spinal cord within the cervical spinal
canal in various positions of flexion and extension.

If cervical spinal-cord space can be optimized when the in-
jured football player is supine on the spine board, then the
chance of neurologic injury during transportation to an emer-
gency facility may be less. Our purpose was to assess the
effect of head position and football equipment on the cervical
space available for the spinal cord in individuals lying supine
on a spine board.

METHODS

Research Design
The research design consisted of a 4 3 5 analysis of vari-

ance (ANOVA) with repeated measures on both variables. The
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Figure 1. A, Sagittal-diameter spinal-canal and spinal-cord mea-
surements: x 5 sagittal spinal-cord diameter, y 5 sagittal spinal-
canal diameter. B, Cervical-thoracic angle (X).

independent variables were head position (0-cm, 2-cm, and 4-
cm occiput elevations with no helmet and shoulder pads and
with helmet and shoulder pads) and cervical spine level (C3,
C4, C5, C6, and C7). The 3 dependent variables were sagittal
space available for the cord (SAC), sagittal diameter of the
spinal cord, and cervical-thoracic angle.

Subjects

Nineteen men volunteered as subjects in this study. How-
ever, data from only 12 subjects (age 5 24.3 6 2.1 years,
height 5 181.1 6 5.7 cm, weight 5 93.9 6 3.6 kg) were
analyzed. (Data on these 12 subjects are also reported in Tier-
ney RT, Maldjian C, Mattacola CG, Straub SJ, Sitler MR. Cer-
vical spine stenosis measures in normal subjects. J Athl Train.
2002;37:190–193.) Five subjects’ data were eliminated be-
cause of movement in the magnetic resonance imaging (MRI)
bore that resulted in unusable images, and 2 subjects did not
complete the imaging phase of the study. Subjects had no his-
tory of cervical spine injury or disease and were screened for
MRI contraindications (eg, claustrophobia, size restrictions in
the MRI bore, ferromagnetic implantation). An institutional
review board approved the study. All subjects signed a written
informed consent before participating in the study.

Instrumentation

The materials used in this study were custom manufactured
to meet MRI specifications. The football helmets (model VSR-
4) and shoulder pads (model PM86) were manufactured by
Riddell Inc (Elyria, OH) and fabricated to contain no metal
components. Two plastic blocks (20.32 cm 3 20.32 cm 3 2
cm, 20.32 cm 3 20.32 cm 3 4 cm), manufactured by Rohm
& Haas (Bristol, PA), were used to elevate the occiput 2 and
4 cm in the sagittal plane. A polycarbonate board (182.88 cm
3 39.37 cm 3 1.27 cm), manufactured by Rohm & Haas, was
used to simulate a wooden spine board and contained no metal
supports that would otherwise create ‘‘noise’’ in the MRI scan-
ner. Occipital padding (3-cm thickness, Ferno Inc, Wilming-
ton, OH) was used for the equipment treatment condition to
simulate on-field immobilization.

A 1.5-Tesla superconducting MRI scanner (Signa, software
4.7, General Electric Medical Systems, Milwaukee, WI) with
body coil was used to collect the data. Magnetic resonance
imaging consisted of a volume 3-D, T2-weighted, fast spin-
echo pulse sequence (TR 5 3000 ms; TE 5 105 ms; FOV 5
32 cm; 1.3-mm slice thickness; 10 slabs and 6 slices per slab;
256 3 256 matrix; 2 NEX; 62.5-kHz bandwidth; and image
time 5 9 minutes, 50 seconds). This pulse sequence, because
of its superior volume acquisition, provides a greater signal-
to-noise ratio than conventional 2-D, fast spin-echo pulse se-
quences. Thinner slice thickness with the 3-D pulse sequence
also adds greater resolution than 2-D, fast spin-echo pulse se-
quence. The efficacy of 3-D imaging in certain clinical appli-
cations has previously been demonstrated.10,11 All imaging
was performed and evaluated by the same radiologist.

The MRI scans were evaluated midsagittally at each spinal
level (C3–C7). The sagittal-diameter spinal-canal and spinal-
cord measurements were taken at the midpoint of the vertebral
body. Sagittal-diameter spinal-canal and spinal-cord measure-
ments were traced manually, assessed with the General Elec-
tric software that accompanied the General Electric Signa
Scanner, and recorded in millimeters. The spinal-canal diam-

eter was measured as the shortest distance from the vertebral
body to the spinolaminar line (Figure 1A). The spinal-cord
diameter was measured at the appropriate spinal level. Each
measurement was taken 3 times, and the 3 measurements were
averaged. The SAC was determined by subtracting the sagittal-
cord diameter from the corresponding sagittal-canal diameter.
The cervical-thoracic angle was determined by drawing a line
parallel with the dorsal aspect of the C2 and C3 vertebral
bodies and a line parallel with the dorsal aspects of the T1
and T2 vertebral bodies. The point of intersection between the
2 lines was the cervical-thoracic angle (Figure 1B).

Data Collection

During a familiarization session, the testing protocol and
data-collection procedures were explained to the subjects. Age,
weight, and height were also assessed at this time. During this
session, the subjects were properly fitted with a football helmet
and shoulder pads by the primary investigator, a National Ath-
letic Trainers’ Association-certified athletic trainer.

Subjects reported to a university hospital radiology depart-
ment for MRI scans. Subjects were positioned supine on the
spine board for all test conditions. One MRI scan was com-
pleted for every subject in each test position (0-cm, 2-cm, and
4-cm of occiput elevation with no helmet and shoulder pads
and with helmet and shoulder pads). Testing was completed in
sequential order beginning with the 0-cm reference position.
For the 3 nonequipment positions, subjects maintained the
same upward-facing position such that the lateral canthus of
the eye and the superior aspect of the ear defined a line per-
pendicular to the horizon (Figure 2A).4 For the equipment po-
sition, each subject was placed supine on the spine board with
the head and neck in an ‘‘in-line’’ neutral position (Figure 2B).

Statistical Analyses

We analyzed the data using a 4 3 5 analysis of variance
with repeated measures. The Statistical Package for the Social
Sciences (version 9.0, SPSS, Inc, Chicago, IL) was used for
all statistical analyses. Post hoc paired t-test comparisons with
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Figure 2. A, Occiput elevations in upward-facing position. B, Supine subject wearing helmet and shoulder pads. Reprinted with permis-
sion of De Lorenzo RA, Olson JE, Boska M, et al. Optimal positioning for cervical immobilization. Ann Emerg Med. 1996;28:301–308.

Table 1. Sagittal Spinal-Cord Diameter* (mm)

Spinal
Level

Head Position (Mean 6 SD)

0 cm 2 cm 4 cm Equipment

C3
C4
C5
C6
C7

7.86 6 0.65
8.03 6 0.79
7.83 6 0.70
7.26 6 0.59
6.36 6 0.54

8.62 6 0.80
8.89 6 1.02
8.57 6 1.07
7.56 6 0.85
6.90 6 1.00

8.55 6 1.03
8.32 6 0.66
6.22 6 0.99
7.47 6 0.78
6.52 6 0.79

8.27 6 0.56
8.32 6 0.86
7.69 6 0.92
7.31 6 0.75
6.37 6 0.79

* SD indicates standard deviation; C3–C7, cervical spinal-cord level.

Table 2. Cervical-Thoracic Angle (8)

Head Position Mean 6 SD*

0 cm
2 cm
4 cm

Equipment

22.88 6 10.19
18.13 6 10.05
15.43 6 8.12
18.14 6 10.83

* SD indicates standard deviation.

Table 3. Sagittal Space Available for the Spinal Cord (mm)*

Spinal Level

Head Position (Mean 6 SD)

0 cm 2 cm 4 cm Equipment Mean

C3
C4
C5
C6
C7

Mean

5.32 6 1.79
4.80 6 1.30
4.87 6 1.14
5.47 6 1.06
7.05 6 1.53
5.50 6 1.58

4.55 6 1.77
3.94 6 1.33
4.12 6 1.45
5.17 6 1.05
6.51 6 1.75
4.86 6 1.72

4.62 6 1.21
4.42 6 1.26
4.39 6 1.69
5.26 6 0.98
6.63 6 1.77
5.07 6 1.61

4.90 6 1.61
4.43 6 1.37
5.09 6 1.58
5.42 6 1.07
6.87 6 1.71
5.34 6 1.66

4.84 6 1.60
4.40 6 1.32
4.62 6 1.47
5.33 6 1.04
6.77 6 1.69

* SD indicates standard deviation; C3–C7, cervical spinal-cord level.

Bonferroni correction (.05/4 5 .0125) were conducted to de-
termine where significant differences existed. Descriptive sta-
tistics were used to analyze sagittal spinal-cord diameters and
cervical-thoracic angles. All statistical analyses were conduct-
ed in the null form, and the alpha level of P , .05 was de-
termined as statistically significant.

RESULTS

The sagittal-diameter spinal-cord values ranged from 6.22
to 8.89 mm (Table 1). The cervical-thoracic angle averages
ranged from 15.438 to 22.888 (Table 2).

A significant main effect was noted for head position
(F3,33 5 8.34, P , .01) and spinal level (F4,44 5 8.34,
P , .01) (Table 3). There was no significant interaction effect
(F12,132 5 1.28, P 5 .237). Post hoc paired t-test comparisons
for SAC head position revealed that the SAC was significantly
greater (P , .01) for 0 cm (mean 5 5.50 mm) than for 2 cm
(mean 5 4.86 mm) and 4 cm (mean 5 5.07 mm). SAC was
significantly greater (P , .01) for the equipment condition
(mean 5 5.34 mm) than for 2 and 4 cm. There was no sig-
nificant difference in SAC between 0 cm and the equipment
condition.

DISCUSSION

No occipital padding resulted in significantly more SAC for
the subjects lying supine on a spine board compared with 2
and 4 cm of occiput elevation. Similarly, SAC was greater
when immobilization was performed with helmet and shoulder
pads on than when the occiput was elevated 2 and 4 cm. No
significant difference existed in the SAC between 0 cm and
the equipment condition.

Changes in head position (flexion and extension) result in
changes in spinal-cord cross-sectional area. These changes are
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Figure 3. Biomechanics of the spinal cord. The spinal cord folds
and unfolds in response to compression and tension forces during
movement. Reprinted with permission.12

a function of changes in the spinal cord’s sagittal and coronal
diameters. During sagittal-plane movement, the coronal di-
ameter of the cord is most responsible for the change in cross-
sectional area. As the spine is moved from full extension to
full flexion, the spinal-cord shape changes from oval to round,
and the total cross-sectional area decreases.12 The converse is
also true. This change in cross-sectional area is consistent with
the Poisson effect: ‘‘any increase in cross-sectional area with
a decrease in length, or vice versa, (results in) the total volume
remaining the same.’’12 Most of the change in cross-sectional
area occurs near the end ranges of motion, where elastic de-
formation occurs.12

In anatomical position, the spinal cord is folded like an ac-
cordion.12 During flexion from the anatomical position, the
spinal cord first ‘‘unfolds’’ with a small increase in tension,
followed by elastic deformation near full flexion. During ex-
tension, the cord first ‘‘folds’’ with a small decrease in tension,
followed by some elastic compression near full extension (Fig-
ure 3).12 Our data show an increase in sagittal-cord diameter
with slight flexion (2 cm) and a decrease in sagittal-cord di-
ameter with more flexion (4 cm). More than 4 cm of flexion
may result in a greater decrease in sagittal spinal-cord diam-
eter, consistent with the Poisson effect. However, this would
not explain the most extended position’s (0 cm) resulting in
the smallest sagittal-diameter spinal-cord values. An explana-
tion may lie in the fact that our measurements were made in
the mid ranges of motion, where the spinal cord is considered
folded. Measurements in these mid ranges have previously re-
vealed varying results.4 It has been estimated that this folding
mechanism accounts for up to 70% to 75% of the spinal cord’s
length change and occurs at the mid range of motion. The
remaining 25% to 30% of the spinal cord’s length change is
accounted for by elastic deformation and occurs at the end
ranges of motion.12

The mean cervical-thoracic angle decreased as the subjects
were moved into flexion as a result of the increasing occiput
elevations. Our 0- to 4-cm occiput-elevation values were 38 to
58 greater than reported by De Lorenzo et al4 for the same
head positions. Differences can be attributed to differences in
subjects. Our subjects were all men, whereas in the De Lor-
enzo et al study, 11 of 19 subjects were women. Men tend to
have larger torsos, which result in more extension of the cer-
vical spine while supine.

Cervical spine neutral is reported to be the optimal position
for SAC during immobilization4 and has been defined in sev-
eral ways.1,3,13,14 For example, Curran et al,13 in a pediatric

study, defined cervical spine neutral as a Cobb angle of 08,
and Palumbo et al1 defined it as the position of the cervical
spine during immobilization on a spine board. These defini-
tions do not take into account the SAC. Data from our study
and that of Mazolewski and Manix15 suggest that SAC ranges
from approximately 3 to 7 mm in normal subjects. This space
may be as little as 0 to 5 mm in subjects with symptoms of
cervical cord neurapraxia.16 With trauma to the cervical area,
any movement during immobilization increases the risk of
neurologic damage.17

We found that 0 cm of occipital padding (the most extended
position assessed in this study) resulted in the greatest SAC
in the cervical region. The difference between 0 cm and 2 cm
and 4 cm of occiput elevations was .64 and .43 mm, respec-
tively. Using MRI to determine spinal canal to spinal-cord
cross-sectional area ratios, De Lorenzo et al4 reported that 0
cm of occiput elevation resulted in the least space available
for the cord from C3 to C7 for 78% of their subjects. The
difference in results may be attributed to differences in depen-
dent variables (type of variable and measurement technique),
imaging technique, or measurement variation in the mid range
of cervical motion, or a combination of these. Our dependent
variable consisted of sagittal measurements, whereas De Lor-
enzo et al used cross-sectional area measurements. The sagittal
spinal-cord diameter may react differently to total cross-sec-
tional area change because most of the change is occurring in
the coronal diameter during flexion and extension. This dif-
ference may contribute to the contradictory findings.

Data acquisition was also performed differently. In the De
Lorenzo et al study,4 the measurement technique consisted of
manually tracing (via computer) the spinal canal and cord pe-
rimeters to determine cross-sectional area. Reliability for this
technique was not reported. We performed our SAC measure-
ment via computer by clicking and dragging the cursor in a
straight line from one edge of the structure being measured to
the opposite edge (intraclass correlation coefficient 5 .85,
standard error of the measurement 5 .56). We suggest that the
cross-sectional measurement technique is more prone to error
because of the increased distance and shape of the trace. Minor
mistakes in perimeter tracing can result in large variations in
total cross-sectional area calculations. Assuming only one
trace per spinal level, the chance for error in the previous study
is increased. The data we reported were the average of 3 mea-
surements.

The imaging technique used in De Lorenzo et al4 was also
different. They obtained transverse-plane images perpendicular
to the anterior-posterior axis of C4. Because the cervical spine
has a lordotic curve, cross-sectional area measurements made
above and below C4 would be skewed. Our imaging technique
consisted of a 3-D gradient echo that allowed images to be
reconstructed as needed. This permitted us to make accurate
sagittal measurements at each spinal level assessed. The dif-
ferences between the studies may account for the variance in
results, but the mid-range measurements may also account for
that variance.

No previous study has examined the effect of football equip-
ment on cervical spinal-cord space. We found no significant
difference (P 5 .093) between the equipment condition and
the 0-cm position (neutral). A larger number of subjects might
have resulted in a significant difference in SAC between the
test conditions. However, previous investigations using small
numbers of subjects have similarly reported no significant dif-
ferences in cervical spine alignment with and without football
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equipment during immobilization.1,2 In our study, subjects
wearing the helmet and shoulder pads elevated the thorax com-
pared with those in the no-equipment condition. Also, SAC
was greatest in the 0-cm and equipment conditions at the C5
and C6 spinal levels.

Our data support the literature,6–8,18 as well as the recent
recommendations of the Inter-Association Task Force for the
Appropriate Care of the Spine-Injured Athlete,19 which ad-
vocate not removing football equipment before spine-board
immobilization. It is not usually necessary to remove football
equipment because injuries can be visualized with the football
equipment in place,6,7 and the equipment can be used to sta-
bilize the head and neck.7 If airway access is needed, then the
face mask can be removed.6,7,9 Removal of the helmet or
shoulder pads (or both) from an athlete with an unstable cer-
vical spine causes movement that could result in neurologic
damage.9 Finally, the helmet and shoulder pads place the cer-
vical spine in neutral position.6–9 Our results support the sug-
gestion that immobilization of an athlete at 0-cm occiput ele-
vation or wearing shoulder pads and helmet allows the greatest
amount of SAC.

The limitations of this study include (1) a small number of
subjects, (2) a measurement of only the sagittal portion of the
spinal cord in determining SAC, and (3) head positions vary-
ing in the mid ranges only. Future research should be con-
ducted to determine the effect of varying head positions (mid
and end ranges of motion) and wearing football equipment on
the cross-sectional area of the cord and also its sagittal and
coronal components. Future researchers should also analyze
the effects of helmets and shoulder pads in other sports (eg,
lacrosse, hockey) on SAC.

CLINICAL RELEVANCE

Our results support not removing the helmet and shoulder
pads during spine-board immobilization of the cervical spine-
injured football player. Also, during the immobilization of an
athlete without football helmet and shoulder pad, the head
should not be elevated, as SAC is greater at 0 cm than at 2 or
4 cm of occiput elevation.
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